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LOW-OUTPUT CAPACITANCE, CURRENT 
MODE DIGITAL-TO-ANALOG CONVERTER 

FIELD 

Embodiments of the present invention relate to circuits, 
and more particularly, to digital-to-analog converters. 

BACKGROUND 

Digitally controlled current sources, or current sinks, are 
used in many types of circuits. An example of a digitally 
controlled current sink, 101, is shoWn in FIG. 1, comprising 
port (or node) 102 for receiving a bias voltage Vbias, port (or 
node) 104 for receiving a digital signal d, and port (or node) 
106 in Which a current low, is sunk. When port 104 is HIGH, 
nMOSFET (n Metal Oxide Semiconductor Field Effect 
Transistor) 112 is OFF and nMOSFET 108 is ON, so that the 
gate of nMOSFET 110 is at the bias voltage Vbias in order 
to sink current low. When port 104 is LOW, nMOSFET 108 
is OFF and nMOSFET 112 is ON so that nMOSFET 110 is 
OFF and no current is sunk. 

For convenience, throughout these letters patent, the term 
“current source” is meant to include either a circuit that 
sources a current, a circuit that sinks a current, or both. 
Similarly, although a current source may source current and 
a current sink may sink current, for convenience both 
functions Will be referred to as sourcing a current. It Will be 
clear from context, such as a circuit draWing, Whether a 
current is sourced or sunk. Consequently, the circuit of FIG. 
1 may be referred to as a current source, Where current I0“, 
is sourced at port or node 106. 

A current mode digital-to-analog (D/A) converter may 
employ a plurality of digitally controlled current sources to 
convert a digital signal to an analog signal. These current 
sources may be connected in parallel. For eXample, in FIG. 
2 n digitally controlled current sources are connected in 
parallel to node 202, Which is connected to netWork 204. For 
each i=0, 1, . . . , n-1, the digitally controlled current source 

indeXed by i sources a current Ii. An output signal may be 
taken at node 202. For eXample, if netWork 204 is a simple 
resistor connected to a voltage source, the voltage at node 
202 is an analog signal indicative of the digital signals 
controlling the digitally controlled current sources. 

Other circuit functions may be realiZed by the high level 
functional diagram of FIG. 2 depending upon netWork 204. 
In general, netWork 204 represents a sub-circuit, and may 
comprise active elements as Well as passive elements. For 
eXample, netWork 204 may be a differential ampli?er in 
Which the current sourced at node 202 provides biasing 
current to adjust the ampli?er gain, Where the gain is 
controlled by the digital signals controlling the digitally 
controlled current sources. 

Some applications may require a relatively large number 
of parallel connected digitally controlled current sources. 
For eXample, a current mode D/A according to the circuit of 
FIG. 2 converter With a resolution of N bits uses 2” digitally 
controlled current sources. A large number of current 
sources connected in parallel to a node may lead to the node 
having a large capacitance, Which may sloW doWn the speed 
of the circuit. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a prior art digitally controlled current source. 

FIG. 2 is a prior art circuit employing digitally controlled 
current sources. 
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2 
FIG. 3 is an embodiment according to the present inven 

tion. 

FIG. 4 is another embodiment according to the present 
invention. 

DESCRIPTION OF EMBODIMENTS 

An embodiment of the present invention is shoWn in FIG. 
3, Where n digitally controlled current sources 302 are 
connected in parallel to node 304 so that the currents sourced 
by each current source are additive in nature. The total 
current sourced at node 304 is mirrored by current mirror 
306. Current mirror 306 comprises pMOSFET 308 and 310, 
Where the gate of pMOSFET 308 is connected to its drain so 
as to be in saturation, and the gate of pMOSFET 308 is 
connected to the gate of pMOSFET 310. It is not necessary 
that current mirror 306 provide an actual mirror image in the 
sense that the current sourced to netWork 312 is equal in 
magnitude to the current sourced at node 304, but in general 
the current sourced to netWork 312 may have a magnitude 
proportional to the magnitude of the current sourced at node 
304. 

By providing current mirror 306, the capacitance at node 
314 as seen by netWork 312 may be made signi?cantly less 
than the capacitance at node 304. Consequently, the speed 
may be signi?cantly increased over that of the prior art. 
NetWork 312 represents a generic sub-circuit connected to 
node 314, Where different functions may be realiZed depend 
ing upon netWork 312. For eXample, as discussed earlier, 
netWork 312 may be a simple resistive device so that the 
voltage at node 314 is an analog signal indicative of the 
digital signals (do, . . . , dn_1) applied to nodes 316. In that 
case, the speed of the resulting D/A converter is increased 
due to the use of current mirror 306. 

An alternative embodiment is provided in FIG. 4, Where 
current mirror 402 comprises nMOSFET 404 biased in 
saturation and nMOSFET 406 biased by nMOSFET 404. 
The operation of the circuit in FIG. 4 is similar to that of 
FIG. 3. Current miurrors may also be cascaded together to 
realiZe other embodiments. Furthermore, the current mirrors 
shoWn in FIGS. 3 and 4 are merely one particular kind. 
Many other types of current mirrors may be employed, such 
as for eXample, current mirrors With cascode connected 
transistors. Clearly, various modi?cations may be made to 
the disclosed embodiments Without departing from the scope 
of the invention as claimed beloW. 

What is claimed is: 
1. A circuit comprising: 

a set of current sources, Wherein each current source in the 
set of current sources has a port to source current and 

is digitally controlled by a respective digital control 
signal belonging to a set of digital control signals; 

a node connected to the port of each current source in the 
set of current sources; 

a current mirror connected to the node; and 

a sub-circuit connected to the current mirror to provide an 
analog signal indicative of the set of digital control 
signals. 

2. The circuit as set forth in claim 1, Wherein the node has 
a node capacitance and the current mirror has an output 
capacitance less than the node capacitance. 

3. A circuit comprising: 
a set of current sources, each current source sourcing a 

current; 
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a node coupled to the set of current sources to source a 
summed current comprising a sum of the currents 
sourced by the set of current sources; and 

a current mirror coupled to the node to source a mirrored 
current proportional to the summed current, Wherein 
the node has a node capacitance and the current mirror 
has an output capacitance less than the node capaci 
tance. 

4. The circuit as set forth in claim 3, Wherein each current 
source is a digitally controlled current source responsive to 
a digital signal. 

5. The circuit as set forth in claim 4, further comprising: 

a sub-circuit coupled to the current mirror to provide a 
signal responsive to the digital signals. 
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6. The circuit as set forth in claim 3, further comprising: 

a sub-circuit coupled to the current mirror to provide a 
signal responsive to the mirrored current. 

7. A circuit comprising: 

a set of current sources, each having a port to source a 

current; 
a node connected to the port of each current source in the 

set of current sources, the node having a node capaci 
tance; and 

a current mirror connected to the node and having an 
output capacitance less than the node capacitance. 


